Data from the study are available for other researchers upon request to the corresponding author. Data can be accessed through an application in which the person specifies requested variables and for what purpose. In Sweden there are restrictions enacted by the Ethics Committee of the Karolinska Institutet and the Regional Ethical Review Board in Stockholm and the Swedish Data Inspection ([www.datainspektionen.se](http://www.datainspektionen.se)) for how data from studies may be available: e.g., to other researchers. Those responsible for the data must be able to describe the data and to which/whom the data are available. The data must also be anonymized.

Introduction {#sec005}
============

Human life expectancy is increasing worldwide \[[@pone.0138901.ref001], [@pone.0138901.ref002]\]. As we live longer, it is interesting for both society and the individual to explore these added years in terms of functional capacity and morbidity. The concepts of expansion, postponement and compression of morbidity/functional capacity are often used in these discussions \[[@pone.0138901.ref003]--[@pone.0138901.ref005]\]. Will we live with or without disability in activities of daily living (ADL)? Living these extra years with disability will lead to reduced quality of life for the individual as well as to higher costs for society. One Swedish study---using data from a population-based study of persons 60 years and older, and examining how costs vary by level of functioning and with the presence of a brain disorder---found that it was function rather than diagnosis that contributed to increased costs \[[@pone.0138901.ref006]\]. For the individual, lower quality of life has been found among older persons with ADL-disability irrespective of living situation, that is, at home or in residential care \[[@pone.0138901.ref007], [@pone.0138901.ref008]\].

Most studies are cross sectional and focus on the prevalence of ADL-disability \[[@pone.0138901.ref009]--[@pone.0138901.ref011]\]. However, of particular interest is how and when ADL-disability starts in a person's life, and from that perspective, the incidence of ADL-disability rather than the prevalence should be in focus. The literature in this area is sparse. Some studies have found the incidence of ADL-disability to be higher in women than in men. A study from The Netherlands conducted between1990 and 1999, examined 1129 persons 55 years and older, who were ADL-disability free at baseline. At a 6-year follow-up, 26.7% showed ADL-disability. The incidence of ADL-disability was higher in women (33.2%) than in men (19.7%). Women had also a higher proportion of severe disability \[[@pone.0138901.ref012]\]. The incidence rate for ADL-disability was also higher in women than in men in a study from Brazil. They examined persons 60 years and older who had no difficulties in ADL at baseline in 2000 and, again, at follow-up 6 years later. The incidence for women were 42.4/1000 person-years and for men 17.5/1000 person-years \[[@pone.0138901.ref013]\]. The higher prevalence of disability in women can be explained by a combination of higher incidence and longer duration resulting from lower rates of recovery and mortality compared with men \[[@pone.0138901.ref014]\], while men have a lower life expectancy that may be explained by biological and clinical factors. A review study from the US, using data from different studies, found that men had higher mortality due to coronary heart disease, hypertension, diabetes, and cancer than women did \[[@pone.0138901.ref015]\]. For the individual as well as the society preventive factors for ADL-disability is at interest. Physical activity has been showed to be a protective factor for many health problems \[[@pone.0138901.ref016]--[@pone.0138901.ref018]\], and to be associated with less ADL-disability in old age \[[@pone.0138901.ref019]--[@pone.0138901.ref021]\]. A study from Italy using data from a population-based study in 1998--2003 of persons 65 years and older found at follow-up after 3-years that a higher level of physical activity was a protective factor for development of ADL-disability \[[@pone.0138901.ref019]\]. An intervention study from US of 400 persons 70 years and older who had deficit in mobility found after 12 month that the participants in the physical intervention-group had significant better improvement in physical functioning than the control-group \[[@pone.0138901.ref020]\]. A cohort study from US examined 787 persons living in senior housing facilities with no ADL-disability at baseline. After 2.6 years they found that persons who reported 2.33 hours of physical activity per week had 16% less ADL-disability compared with persons that reported no physical activity \[[@pone.0138901.ref022], [@pone.0138901.ref023]\]. Physical activity has also shown to improve ADL in persons with dementia \[[@pone.0138901.ref024]\]. Based on earlier research we hypothesized that incidence rate of ADL-disability would be higher in women than in men and increase with age, furthermore that being physical active earlier in life could be a preventive factor for ADL-disability in old age.

Care of older persons due to disability involves a complex interaction between formal and informal care resources. Care is also highly dependent on the socioeconomic context, on both the micro- (families) and macro level (how care is financed and organized in a society/country). Besides economic strength on both the micro- and macro- level, traditions, politics and culture also contribute to the complex situation.

The aims of this paper are first to examine the incidence of impaired physical functioning defined as ADL- disability, in relation to gender; second to explore whether being physically active earlier in life and/or during the past 12 month are significant predictors of being disability free at follow-up. Due to the relationship between ADL-disability and resource use and costs, a third aim is to describe the amounts of informal and formal care in relation to levels of ADL-disability.

Materials and Methods {#sec006}
=====================

Study design {#sec007}
------------

This study was based on data from the Swedish National Study on Aging and Care in Nordanstig (SNAC-N). SNAC-N is a longitudinal individual population-based ongoing study being conducted in the municipality of Nordanstig in Sweden, which is a rural area in the northern Sweden and had, at the time for the baseline collection, approximately 10 000 inhabitants. This coastal district has no city or central areas--instead there are several small villages covering an area of 1 380 square kilometers. SNAC-N is one of four geographical areas in focus in a larger national study promoted by the Swedish Ministry of Health and Social Affair \[[@pone.0138901.ref025]\].

Study population {#sec008}
----------------

In the present study, we used data from participants who were independent in ADL and 78, 81, 84, 87, 90, 93, 96, and 99+ years of age at baseline (N = 307) to study incidence rates. For our analysis of informal and formal care, we used data from all participants who were 78 years and older at baseline and living at home (N = 316).

Ethics {#sec009}
------

The study was approved by the Ethics Committee of the Karolinska Institutet and the Regional Ethical Review Board in Stockholm.

Data collection {#sec010}
---------------

Baseline data were collected from March 2001 to March 2003 and data for the 1^st^ follow-up three years later and the 2^nd^ follow-up six years later. Data were gathered through interviews and clinical examinations using standardized protocols administered by a trained registered nurse and a licensed practical nurse. A physical examination was also carried out by a physician. Information from a proxy interview was used when the participant was unable to answer or was diagnosed with dementia.

Study variables {#sec011}
---------------

### Sociodemographic factors and mortality data {#sec012}

Sociodemographic factors were age, gender and education. Mortality data were gathered regularly from the Swedish National Death Certificate Register.

### ADL {#sec013}

Basic ADL was measured by interviewing and observing the participants and using the hierarchical scale KATZ index of ADL to assess dependency in basic activities \[[@pone.0138901.ref026]\]. Disability was defined as a need for assistance with one or more activities. We used a modified version that assess dependency in five basic activities: bathing, dressing, going to the toilet, transferring and feeding \[[@pone.0138901.ref013], [@pone.0138901.ref027]\].

### Physical activity {#sec014}

At baseline, study participants were asked whether they had engaged in regular light exercise (walking, golf, short-distance cycling) 1) earlier in life and 2) during the past 12 months. Response alternatives were: every day, several times/ week, 2--3 times/month, less or never.

### Cognition {#sec015}

Cognition was measured using the Mini-Mental State Examination (MMSE), a commonly used instrument scoring between 0--30 points, where 30 points represents no impairment \[[@pone.0138901.ref028]\].

### Formal and informal care {#sec016}

Parts of the Resource Utilization in Dementia (RUD) instrument was used to calculate the amount of formal and informal care at baseline and follow-ups in the participant´s residence \[[@pone.0138901.ref029]\]. In the present study, hospital care, visits to clinics, etc., are not included. Formal care by home aides is the care provided by the municipality, and informal care is that provided by relatives, neighbors and friends. The validity and reliability of the instrument has been investigated for persons living in their regular homes and in residential care settings. Results have shown that interviews concerning the amount of help with ADL and Instrumental activities of daily living (IADL), are a valid and reliable substitute for observations \[[@pone.0138901.ref029], [@pone.0138901.ref030]\]. Data were gathered by interviewing the participants or proxy if the participant could not give reliable information. Owing to the type of care, the time frame for questions about IADL was the past month, while for basic ADLs it was the past week. Data on IADL and ADL for both formal and informal care are presented as hours per month.

Statistical analysis {#sec017}
--------------------

Age- and gender- specific incidence rates were calculated at both the 3-year and 6-year follow-up, using as the numerator all cases with a diagnosis of ADL-disability (needing assistance in one or more or two or more ADL-activities), and as the denominator, the examined population. Age- and gender- specific incidence rates were calculated as the number of new cases divided by the person-years at risk. The 95% confidence intervals (CI) were based on the Poisson distributions. Person-years for non-disabled subjects were calculated as the time between baseline examination and the follow-up examinations. For the ADL-disabled subjects, half this time was assumed, due to the uncertainty of disability onset. Furthermore, a subject who developed any type of disability was considered to no longer be at risk. The incidence rate was calculated in two separate analysis, needing assistance in one or more (ADL1+), or two or more (ADL2+) ADL-activities. Logistic regression analyses were used to estimate the association between physical activity and ADL-disability adjusted for gender and cognition. The results are presented as adjusted odds ratios (aOR), and 95% CIs. Mean values for the number of hours per month of informal and formal care that the persons received were calculated using univariate analyses of variance (One-Way ANOVA).The IBM SPSS Statistics version 20.0 for Windows (IBM SPSS Inc., Chicago, IL) was used for modeling analyses and statistical tests

Results {#sec018}
=======

The study population consisted of 307 participants, of whom 57% were women. The mean age was 83.2 (SD 4.5) for men and 83.0 (SD 4.5) for women. At the 2^nd^ follow-up after six years, 135 (43.4%) were re-examined, of those 135 participants 18 were not examined at the 1^st^ follow-up (refused or missing). Between baseline and the 2^nd^ follow-up 40.0% of the participants had died, more men than women (44.7% vs. 36.6%). The study population was divided into two age groups, one in the age of 78 and 81 year at baseline (n = 155) and the second 84 years and older at baseline (n = 152). At the 2^nd^ follow-up, 60.0% of the men and 47.6% of the women had died (non-significant) ([Fig 1](#pone.0138901.g001){ref-type="fig"}).

![Percentage of participants and drop-outs by causes in the cohort of non-disabled subjects from baseline to 1^st^ and 2^nd^ follow-up.\
Distribution by age and gender.](pone.0138901.g001){#pone.0138901.g001}

ADL-disability {#sec019}
--------------

After three years 10.6% had become ADL-disabled (needing assistance with one or more activities) and after six years 28.1%. There was a non-significant tendency for more men than women in the age group 78--81 to become ADL-disabled, at both the 1^st^ and 2^nd^ follow-up. In the age group 84 years and older, more women (57.6%) than men (23.8%) had become ADL-disabled at 2^nd^ follow-up in terms of needing assistance with one or more activities (p\<0.05). Both at 1^st^ and 2^nd^ follow-up and needing assistance with one or more activities (ADL 1+), or two or more (ADL 2+), women had become more ADL-disabled in the age group 84 years and older than women in the age group 78--81 (p\<0.05). There were no significant differences in ADL-disability between men in the two age groups ([Table 1](#pone.0138901.t001){ref-type="table"}).

10.1371/journal.pone.0138901.t001

###### Number of incident cases of ADL-disability at 1^st^ follow-up (after three years), and at 2^nd^ follow-up (after six years), separately for needing assistance with one or more activities (ADL 1+) and needing assistance with two or more activities (ADL 2+), in the cohort of non-disabled subjects at baseline.

Distribution by age and gender.

![](pone.0138901.t001){#pone.0138901.t001g}

              1^st^ follow-up (n = 188)   2^nd^ follow-up (n = 135)               
  ----------- --------------------------- --------------------------- ----------- -----------
  **Men**                                                                         
  78--81      3 (7.0)                     2 (4.7)                     7 (22.6)    4 (12.9)
  84+         3 (8.6)                     2 (5.7)                     5 (23.8)    5 (23.8)
  Total       6 (7.7)                     4 (5.1)                     12 (23.1)   9 (17.3)
  **Women**                                                                       
  78--81      3 (4.9)                     2 (3.3)                     7 (14.0)    3 (6.0)
  84+         11 (22.4)                   9 (18.4)                    19 (57.6)   14 (42.4)
  Total       14 (12.7)                   11 (10.0)                   26 (31.3)   17 (20.5)
  **All**     20 (10.6)                   15 (8.0)                    38 (28.1)   26 (19.3)

The overall incidence rate for ADL-disability was higher for women, 59.3/1000 person-years, than for men 42.4/1000 person-years. The incidence rate for disability increased with age especially for women ([Table 2](#pone.0138901.t002){ref-type="table"}). The incidence rate was also higher for women than for men in the age group 84 years and older, and for receiving assistance both with one or more (ADL 1+) and with two or more (ADL 2+) activities. The incidence rates for men were almost identical in the age group 78--81 years and the age group 84 years and older, 42.3 vs. 42.5/1000 person-years. For women, the incidence rate for ADL-disability increased significantly from the age group 78--81 years to the age group 84 years and older both for ADL1+ (20.8 vs. 118.3/1000 person-year) and ADL 2+ (8.5 vs. 81.5/1000 person-year).

10.1371/journal.pone.0138901.t002

###### Needing assistance with one or more activities (ADL 1+) and needing assistance with two or more activities (ADL 2+): person-years at risk (py), number of cases (n), and incidence rates (IR) per 1,000 person-years by age and gender in the cohort of non-disabled subjects at baseline.

![](pone.0138901.t002){#pone.0138901.t002g}

              ADL 1+   ADL 2+                                      
  ----------- -------- -------- --------------------- ------- ---- --------------------
  **Men**                                                          
  78--81      212.8    9        42.3 (19.3--80.3)     220.3   6    27.2 (10.0--59.3)
  84+         164.6    7        42.5 (17.1--87.6)     170.6   7    41.0 (16.5--84.5)
  All         377.4    16       42.4 (24.2--68.8)     390.9   13   33.3 (17.7--56.9)
  **Women**                                                        
  78--81      336.9    7        20.8 (8.4--42.8)      352.6   3    8.5 (1.8--24.9)
  84+         219.8    26       118.3 (77.3--173.3)   233.1   19   81.5 (49.1--127.3)
  All         556.7    33       59.3 (40.8--83.2)     585.7   22   37.6 (23.5--56.9)
  **All**                                                          
  78--81      549.7    16       29.1 (16.6--47.3)     572.9   9    15.7 (7.2--29.8)
  84+         384.4    33       85.8 (59.1--120.6)    403.7   26   64.4 (42.1--94.4)
  All         934.1    49       52.5 (38.8--69.4)     976.6   35   35.8 (25.0--49.8)

Physical activity as a preventive factor {#sec020}
----------------------------------------

Of the 155 persons in the age group 78--81 years, 126 answered the question about physical activity, and in the age group of 84 years and older, 84 of 152 answered the question. Of those who answered the question, 2% in the age group 78--81 and 3,8% in the age group 84 years and older reported never having been physically active earlier in life, and 7.9% and 10.7% respectively, reported never having been physically active during the past 12 months. In the age group 78--81 years, there was a significant association between being physically active during the past 12 month prior to baseline examination, aOR 2.9 (1.3--6.2) and earlier in life, aOR 6.2 (1.3--29.3) and being non ADL-disabled at the follow-ups. No association was found between physical activity and ADL-disability in persons 84 years and older, see [Table 3](#pone.0138901.t003){ref-type="table"}.

10.1371/journal.pone.0138901.t003

###### Adjusted Odds Ratio (aOR) and 95% Confidence Intervals (CI) for the association between being ADL-disability free at follow-ups and physical activity (earlier in life or the past 12 month).

![](pone.0138901.t003){#pone.0138901.t003g}

                     Physical activity   
  ------------------ ------------------- ----------------
  78--81 (n = 126)   6.2 (1.3--29.3)     2.9 (1.3--6.2)
  84+ (n = 84)       0.8 (0.5--1.6)      0.9 (0.6--1.6)

Adjusted for gender and cognition.

\*Missing data for 26 persons in the age group 78--81 and 4 persons in the age group 84+.

Informal and formal care {#sec021}
------------------------

In the study population of both ADL-disabled and non-ADL-disabled persons, the mean hours per month was for the informal care 15.7 and for the formal care 4.6 hours/month. Among the persons still living at home at the follow-ups, the amount of both informal and formal care increased with the number of ADL activities the persons were required help with, and the differences in amount of care between the ADL groups were significant (p\<0.05). When the formal and informal care is divided into assistance in IADL and ADL, the analysis showed that the informal care mainly consisted of assistance with IADL and the formal care of assistance with both IADL and ADL. Between baseline and the two follow-ups, 34 persons had moved to residential care. Their ADL-dependency varied between 0--5. Thirty persons were living alone at home before they moved and only four persons were living together with their wife and were dependent in 4 or 5 ADL-activities ([Fig 2](#pone.0138901.g002){ref-type="fig"}).

![The amount of informal and formal care (mean hours per month).\
Distribution by ADL-disability (N = 316).](pone.0138901.g002){#pone.0138901.g002}

Discussion {#sec022}
==========

The aims of the present study were to examine the incidence of impaired physical functioning defined as ADL disability, to explore whether being physical active earlier is a significant predictor of being disability free at follow-up and to describe the amount of informal and formal care received in relation to ADL-disability. The main findings from the study can be summarized as follows:

1.  The incidence rates for men were almost identical in the age group 78--81 and the age group 84 years and older 42.3 vs. 42.5/1000 person-years. For women the incidence rate for ADL-disability increased significantly from the age group 78--81 to the age group 84 years and older, both for ADL1+ (20.8 vs. 118.3/1000 person-year) and ADL 2+ (8.5 vs. 81.5/1000 person-year).

2.  In the age group 78--81 years, being physically active earlier (aOR 6.2) and during the past 12 month (aOR 2.9) were both significant preventive factors for ADL-disability.

3.  The amount of both informal and formal care increased with ADL-disability, and the amount of informal care was greater than that of formal care

Incident of ADL-disability {#sec023}
--------------------------

We found that, of the non-disabled population 78 years and older at baseline, 10.6% had become AD-disabled after three years and 28.1% after six years. This is almost the same result as in the study from the Netherlands \[[@pone.0138901.ref012]\].The incident of ADL-disability after six years was 26.7% in their study of persons 55 years and older, with a higher incidence in women than in men. In addition to focusing on different age groups, the present study and the Dutch study used different instruments to collect disability data. The Dutch study used an 8-item questionnaire to measure disability. This may explain why the prevalence's are almost the same despite the different age groups.

The overall incidence rate for ADL-disability was higher for women, 59.3/1000 person-years, than for men 42.4/1000 person-years. Higher incidence rate in women than in men was found in the study from Brazil also. The incidence rate was lower in the Brazilian study due to the younger study population, 60 years and older \[[@pone.0138901.ref013]\]. Dividing the present study population into two age groups showed that the IR for disability in the age group 84 years and older was significantly higher for women than that for men, in both ADL1+ (118.3 vs. 42.5/1000 person-years) and ADL2+ (81.5 vs. 41.0/1000 person-years). The IR for disability for men in the two age groups was unchanged, while it increased a greater deal for women in the age group 84 years and older. The higher IR in disability and proportion of new incidence cases for women 84 years and older compared with men in the same age group, and the higher mortality rate after six years among men (60.0%) than among women (47.6%) older than 84 years may explain the higher prevalence of ADL-disability in older women than in older men. Similar results have been found in other studies \[[@pone.0138901.ref012], [@pone.0138901.ref031], [@pone.0138901.ref032]\].

Physical activity {#sec024}
-----------------

In the age group 78--81 years, physical activity earlier in life and/or during the past 12 months prior to baseline examination was shown to be a protective factor for ADL-disability at the follow-ups. In the present study, physical activity referred to activities such as biking, walking in the forest, golfing and other not particularly intensive physical activities. Other studies have also shown that physical activity can reduce disability in old age \[[@pone.0138901.ref022], [@pone.0138901.ref033]\] and that light physical exercise in midlife may reduce the risk for dementia in adulthood \[[@pone.0138901.ref016]\]. The LIFE Study randomized clinical trial from the United states found that the intervention group with physical activity reduced their disability over 2.6 years among older persons at risk for disability when compared with the control group having an health education program \[[@pone.0138901.ref033]\]. Physical exercise also improves balance and muscle strength \[[@pone.0138901.ref034]\] thus reducing the risk for fall injuries that could cause disability \[[@pone.0138901.ref035]\]. The item "physical activity during the past 12 months" before baseline could be confounded by an ongoing disease that had not yet resulted in disability at baseline, while the item "physical activity earlier in life" seems to give stronger support for the role of physical activity in the prevention of disability. Furthermore, a study by Guralnik et al \[[@pone.0138901.ref036]\] stated that measures of lower-extremity function in non-disabled persons may predict onset of subsequent disability, and thus identify older adults who may benefit from interventions to prevent the development of severe disability.

Informal and formal care {#sec025}
------------------------

The amount of care increased with the number of ADL-activities the person received help with. For persons who were independent in ADL and needed help with IADL-activities, help was mainly informal. When persons were more disabled, the pattern was different. Help with IADL was mostly informal and help with ADL was mostly formal. When persons were disabled in two or more ADL-activities, the amount of formal care was greater than the amount of informal care, mainly due to help with ADL. In the present study, nine persons moved to residential care between the follow-ups. Those persons received help with 0--5 ADL-activities, but all were living alone at home before moving. Of those in the study who were still living at home and were receiving help with two or more ADL-activities, all were living with a spouse. The present study shows that the informal care provided by co-habiting persons strongly contributes to allowing older people to stay at home longer before moving to residential care. Informal care is also important for society as a whole, because it replaces formal care and without it, older persons would probably have to move to residential care earlier. The amount of informal and formal care varies between countries. A study examining community care in 11 different countries in Europe found that formal care was small in Italy, while in the UK it was more than double the European average across all levels of dependency \[[@pone.0138901.ref037]\]. Another study from Italy reported that the amount of formal care was low and that is was common that disabled older Italians received care from family members and usually from two or more persons \[[@pone.0138901.ref038]\]. However, informal caregivers have reported a greater burden, isolation and lower perceived health compared to same-age persons not providing such care \[[@pone.0138901.ref039]\]. Therefore, it is important to support informal caregivers, and to help them provide the care they wish to provide for their relatives. Other studies have also shown that the amount of the informal care is greater than the formal care and that informal caregivers can postpone move to residential care for the care recipient \[[@pone.0138901.ref040]--[@pone.0138901.ref042]\].

Limitations {#sec026}
-----------

The limitation of the present study may be the size of the study population. Another limitation can be that we have not taken into account whether those who died during follow-up had developed disability as we lack the data. This might have led to an underestimation of disability-incidence. The reason why there were so few people receiving assistance in two or more ADL activities, was probably because the majority of people with disability in two or more ADL activities had moved to residential care. The strengths of the present study is its longitudinal individual population-based design, which is preferable to cross-sectional designs. The data collection team members were almost identical at baseline and the follow-ups, thus minimizing reliability problems and that the study use validated instruments e.g. MMSE, Katz index of ADL, RUD.

Conclusion {#sec027}
==========

The incidence rate for ADL-disability increases with age for women, and being physical active is a protective factor for ADL-disability.
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